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CHAPTER 7

ABSTRACT

Background/purpose

Joint space narrowing (JSN) in rheumatoid arthritis (RA) may be a manifestation of (primary)
osteoarthritis becoming more prominent with age. We investigated the severity and predictors
of JSN progression among different age-groups.

Methods

Ten year follow-up data of the BeSt study, a randomized controlled treat-to-target trial in early
RA were used. Annual X-rays of hands and feet were scored using the Sharp/van der Heijde
score (SHS). Subgroups were defined by age at baseline: 255, 240<55 and <40 years. JSN
progression predictors were assessed by Poisson regression.

Results

Baseline JSN scores (median (IQR)) were higher in patients 255 (2.0(0.0-6.0)) compared to
the other age-groups: 1.0 (0.0-3.0) 240<55 and 0.3 (0.0-3.0) <40, p<0.001. After ten years,
total JSN and SHS scores were similar in all age-groups.

In patients 255 the mean erythrocyte sedimentation rate (ESR) over time (RR 1.02 (95%
CI 1.00-1.03)) and the combined presence of rheumatoid factor and anti-citrullinated protein
antibodies (RF+/ACPA+) (3.27(1.25-8.53)) were significantly correlated with JSN progression.
In patients <40 baseline swollen joint count (SJC) (1.09(1.01-1.18)) and ESR over time
(1.04(1.02-1.06)) were significantly associated.

Conclusion

At baseline, RA patients =55 years had more JSN than younger patients but after 10 years
JSN scores were similar between age-groups. Independent risk factors for JSN progression
were baseline SJC and ESR over time in patients <40, RF+/ACPA+ and ESR over time in
patients =255 years. This suggests that mechanisms leading to JSN progression are related
to (residual) rheumatoid inflammation and vary between age-groups. These mechanisms
remain to be elucidated.
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JOINT SPACE NARROWING IN RA

INTRODUCTION

Joint damage in rheumatoid arthritis (RA) causes progressive disability in patients." Synovial
inflammation activates an immune process that causes articular cartilage degradation leading
to joint space narrowing (JSN) and excessive local bone resorption and inadequate bone
formation resulting in bone erosions.?® Presence and progression of bone erosions and JSN
can be scored using plain radiographs of hands and feet using the Sharp/van der Heijde
score (SHS).* It is well known that joint damage progression is a result of continued high
disease activity.® Thus, scoring progression of radiographic damage may affect how efficacy
of treatment is interpreted, and can influence therapeutic decisions.

However, progression of JSN, and probably to a lesser extend of erosions, may also be a
manifestation of primary osteoarthritis (OA) becoming more prominent with increasing age.
Lawrence et al showed age-related increases in radiographic OA in both women (prevalence
OA of 7.6% in those aged =15<24 versus 97% in patients >65) and men (prevalence
OA of 9.4% in those aged 215<24 versus 97% in patients >65).5 OA progression seems
to be relatively slow but more frequent and more severe OA progression in the distal and
proximal interphalangeal joints of older patients was reported previously.”® No definite clinical
progression risk factors for radiographic OA progression are known. More painful joints and
more self-reported pain appear to increase radiographic OA progression.®

Older RA patients show to have a higher baseline damage score. Khanna et al '° showed
that this was mainly due to more joint space narrowing, and this associated with features of
hand osteoarthritis. However Mangnus et al showed that the difference between different age-
groups could not be fully explained by JSN."" Others reported that patients with a higher age
at onset were more often anti-citrullinated protein antibodies (ACPA) positive and had more
erosions at baseline, and also higher disease activity scores and higher erosion scores during
the first two years of treatment.'2'3 Still others showed that in advanced RA, older patients had
more JSN than younger patients.™

We hypothesized that JSN progression may show a different pattern in older than in younger
RA patients. In addition predictors of JSN may be different between these age-groups, due
to primary osteoarthritis becoming more prominent with increasing age. We aimed to identify
and compare age-specific baseline risk factors for the development of JSN in patients who
participated in the BeSt study, a multicenter randomized clinical trial. Early RA patients were
treated according to one of four dynamic treatment strategies all aiming a low disease activity
(Disease Activity Score: DAS<2.4). Patients were followed for 10 years and radiographs of
hands and feet were obtained annually to score the bone erosions and JSN by the SHS.
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CHAPTER 7

PATIENTS AND METHODS

Subjects and design

The BeSt (Dutch acronym for treatment strategies) a multicenter, randomized clinical trial
included 508 patients with recent-onset active rheumatoid arthritis (1987 revised American
College of Rheumatology criteria '°) and a symptom duration <2 years. All participants gave
written informed consent and the medical ethics committee of each participating centre
approved the study protocol.

Patients were randomized into four treatment strategies: 1. sequential monotherapy, 2. step-
up combination therapy, 3. initial combination therapy with methotrexate, sulfasalazine and
prednisone and 4. initial combination therapy with methotrexate and infliximab. Treatment
adjustments were made every three months aiming at a DAS <2.4. If DAS was <2.4 for six
months, treatment could be tapered to maintenance dose, and if then DAS <1.6 was achieved
for another six months, medication was discontinued. Once the DAS was 21.6 treatment was
restarted. Details of the BeSt study have been published elsewhere.'®"

Methods of measurement

At baseline, rheumatoid factor (RF) status was evaluated. ACPA status was determined
afterwards by the anti-cyclic citrullinated peptide test (anti-CCP2) in available stored baseline
serum samples. Health assessment questionnaires (HAQ) ® and the DAS were assessed
at baseline and every three months for ten years. Baseline and annual radiographs, up to
10 years, of hands and feet were collected and were scored, by two independent readers,
blinded for patient identity and time order, using the SHS.#

Statistical analysis

Median age at baseline in our population was 54.9 years. Based on this median, and
considering the unlikelihood of osteoarthritis in patients <40 years old ¢ three arbitrary
subgroups were created: ‘group <40’ comprising patients aged <40 years, ‘group 240<55’
with patients 240 years but <55 years and ‘group =55’ with patients =255 years old at baseline.
Baseline characteristics were compared with the multinomial variable ‘age-group’ by the x?
test, one-way analysis of variance and Mann-Whitney U test. Pairwise comparisons between
the age-groups were performed with the x? test, t-test and Kruskall-Wallis test. Mean SHS,
Erosion and JSN (progression) scores after 10 years were compared between groups using
one-way analysis of variance, with robust standard error estimation and p-values because of
the skewed non-normal distributions.

After ten years, DAS and HAQ were known for 292/508 patients, and radiographs were
available for 278/508 patients. To avoid bias due to missing data, multiple imputation
techniques were performed. The imputed values are based on all radiographs in the study,
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JOINT SPACE NARROWING IN RA

and are consequently less sensitive to one measurement error or picture of low quality. To
improve resemblance to the normal distribution, annual JSN and erosion scores were log-
transformed before imputing. The imputation model incorporated the baseline variables: age,
sex, body mass index (BMI), smoking status, randomisation arm, RF status, ACPA status,
log-transformed erosion and narrowing score, HAQ score and the components of the DAS.
Annual log-transformed erosion and narrowing scores, 10-year HAQ scores and bi-annual
DAS were also included in the imputation model.

SHS and JSN scores are always whole non-negative numbers and therefore, JSN progression
scores are integers. In our study only 2.2% of the progression scores were negative, hence
JSN progression is approximately a count. Furthermore, 37% of the patients had zero JSN
progression. For regression modelling of the JSN progression, we used robust Poisson
regression after setting the negative progressions to zero. This regression method assumes
that the covariates have a multiplicative effect on the mean progression scores, but remains
valid if the Poisson is violated. We report the exponentiated regression coefficients, which are
interpreted as ratios of means (relative to the reference category for categorical predictors,
or corresponding to a one unit increase for numerical predictors). When analyses group were
done separately for each age-group we applied Bonferroni correction to adjust for multiple
testing.

In the multivariate analysis RF status and ACPA status were coded into one variable because
both antibodies are frequently present in the same patients and consequently their influence
is confounded by the effect of the other antibody. Since treatment strategy is randomly
allocated, it does not confound the effect of other variables and was therefore not included in
the multivariate models. All risk factors with a p-value <0.2 were entered in the multivariate
models with Bonferroni correction to correct for multiple testing. Accordingly, predictor
variables with p-values <0.0167 were considered significant, 98.33% confidence intervals
are given, and only predictor variables with univariate p-values <0.066 were entered in the
multivariate model. Since we selected our regression variables carefully, we did not remove
the determinants from the multivariate analysis when they did not attain significance. Analyses
were performed with SPSS 20.0.

RESULTS

Baseline

In the BeSt study, 508 patients were included, 81 (16%) aged <40, 179 (35%) aged 240<55
and 248 (49%) aged =55. Mean age at baseline was 33, 49 and 66 in the three age-groups,
respectively. Table 1 shows the baseline characteristics of the three age-groups.
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CHAPTER 7

Table 1: Baseline characteristics in the different age-groups.

Group Group Group p-value
<40 240<55 255
n=81 n=179 n=248
Age. mean £ SD years 33+6 495 66 £ 8
Women. no. (%) 61 (75) 125 (70) 157 (63) 0.10
Smoking. no.(%) 25 (30) 78 (44) 74 (30) 0.01
BMI. mean + SD 244 +43 26.6+4.5 26.1+3.8 0.001
Time from diagnosis to inclusion. median 1.6 (0.7-3.1) 2.4 (1.0-5.3) 2.7 (1.0-4.7)  0.004
weeks (IQR)
Symptom duration. median weeks (IQR)  26.1 24.6 22.4 0.25
(13.4-57.9) (15.3-56.1) (13.3-44.3)
RF positive. no. (%) 53 (65) 123 (69) 153 (62) 0.32
ACPA positive no./total no. (%) 43/78 (55) 116/169 (69) 132/226 (58) 0.05
DAS. mean = SD 4409 43+0.8 45+0.9 0.12
HAQ score. 0-3 scale. mean + SD 1.3+£0.7 1.4+0.6 14+0.7 0.49
CRP. mean + SD 35.4+43.2 32.8+41.9 41.1+43.2 0.14
ESR. mean = SD 371+254 347 +257 458 +28.4 <0.001
Ritchie articular index 14 (9-20) 13 (10-17) 13 (9-18) 0.53
Swollen joint count 14 (10-18) 12 (9-18) 14 (10-19) 0.06
Total SHS. 0-448 scale
median (IQR) 1.0(0.0-3.0) 1.0(0.0-4.5) 25(1.0-7.4) <0.001
mean + SD 24+37 3.1+49 5.0+6.8
Erosion score. 0-280 scale
median (IQR) 0.0 (0.0-0.3) 1.0(0.0-3.0) 0.0(0.0-1.0) <0.001
mean + SD 0514 0926 11120
JSN score. 0-168 scale
median (IQR) 0.3(0.0-3.0) 1.0(0.0-3.0) 2.0(0.0-6.0) <0.001
mean + SD 19+29 22+32 39+55
Treatment strategy
Sequential monotherapy, no. (%) 19 (24) 51 (29) 56 (23) 0.52
Step-up therapy, no. (%) 18 (22) 47 (26) 56 (23)
Initial combination therapy 22 (27) 45 (25) 66 (27)
with prednisone, no. (%)
Initial combination therapy with infliximab, 22 (27) 36 (20) 70 (28)

no. (%)

RF: rheumatoid factor, ACPA: Anti—citrullinated protein antibodies, DAS: disease activity score, HAQ:
health assessment questionnaire, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, SHS:
Sharp/van der Heijde score, JSN: joint space narrowing, SD: standard deviation, IQR: interquartile range.

The variables that were statistically significantly associated with the multinomial variable ‘age-
group’ (<40, 240<55 and =55), showed statistically significant differences when compared
pairwise between age-groups. 30%, 44% and 30% of the three age-groups participants were
noted as ‘smokers’ at baseline (group 240<55 vs. group =55, p=0.004). Mean BMI was 24 .4 in
group <40, 26.6 in group 240<55 (group <40 vs. group 240<55, p<0.001) and in 26.1 in group
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=55 (group <40 vs. group =55, p=0.001). Erythrocyte sedimentation rate (ESR) was higher in
group 255 compared to group <40 (mean 46 vs. 37 ; p=0.01) and group 240<55 (mean 46 vs.
35; p<0.001). Time from diagnosis was lower in group <40 compared to group 240<55 and
group =55 (p=0.002 and p=0.004 respectively).

Pairwise age-group comparison of the variables not statistically significantly associated with
‘age-group’ was performed, but showed no statistically significant differences between groups
except for DAS and swollen joint count (SJC) (data not shown). Age-group <40 had similar
baseline DAS and SJC compared to groups 240<55 and =55. Group 240<55 had lower DAS
compared to group =55 (4.3 vs. 4.5; p=0.04) and a lower baseline SJC compared to group
255 (median (interquartile range IQR) (12 (9-18) vs. 14 (10-19); p=0.02)). More patients were
ACPA positive in group 240<55 than in group <40 (68% vs. 55%; p=0.05) and group =55 (68%
vs 58%; p=0.05). Both ACPA and RF were present in 46%, 60% and 48% of the patients in
group <40, group 240<55 and group =55, respectively.

All baseline radiographic scores were similar in group <40 and group 240<55. Baseline SHS
score was higher in group =55 (median 2.5, IQR 1.0-7.4) compared to the other groups (group
<40: 1.0 (0.0-3.0); group 240<55: 1.0 (0.0-4.5; p<0.001). Baseline erosion scores were higher
in group =55 compared to group 240<55 (1.0 (0.0-3.0) vs. 0.0 (0.0-1.0); p=0.006) and group
<40 (0.0 (0.0-0.3); p<0.001). Also, more patients in group =55 had JSN =0.5 (70% vs 50%
in group <40; p=0.001; and 55% in group =240<55; p=0.002) and the median JSN score was
higher compared to the other groups (2.0 (0.0-6.0) in group 255 vs. 0.3 (0.0-3.0) in group
<40 and 1.0 (0.0-3.0) in group =40<55; p<0.001). JSN in the proximal interphalangeal joints
increased with age: (mean £ SD) 0.1 £ 0.5 (median (IQR) 0.0 (0.0-0.0)) in group <40, 0.2 +
0.5 (0.0 (0.0-0.0)) in group 240<55 and 0.4 + 0.9 (0.0 (0.0-0.5)) group =55 (<40 vs. 240<55
p=0.06; <40 vs. 255 p=0.001; 240<55 vs. 255 p= 0.02). This trend was not observed in the
metacarpophalangeal joints. JSN scores in metacarpophalangeal joints are higher in group
>55 compared to group 240<55 (0.6 + 1.2 (0.0 (0.0-1.0)) vs. 0.4 £ 0.9 (0.0 (0.0-0.0)), p=0.01)
but not compared to group <40 (0.5 £ 0.9 (0.0 (0.0-1.0)); <40 vs. 255 p=0.51)

Outcomes after ten years

Ten-year follow-up characteristics are shown in table 2. Average DAS over time was similar in
all groups. ESR over time was higher in group =55 (mean 22) compared to the other groups
(mean 17 <40 and mean 18 in group 240<55; p=0.01 group <40 vs. 255, p<0.01 group 240<55
vs. 255). After ten years of follow-up none of the mean radiographic scores differed between
the age-groups but JSN = 0.5 was found more often in group =55 (90%) compared to group
<40 (75%) and in group =240<55 (80%) (p=0.001 and p=0.008, respectively).

125



CHAPTER 7

‘abuel ajiuenbisiul 1y "UoRBIASD

plepuels :qS “Buimoureu soeds julol NS "0409s aplisH Jop uea/dieys :SHS "ejel uonejuawipas a)A00iyiAia :yST "100s AJIAoe asessip :Sva

ATER A 9LLFC9 €6LFZ8 as ¥ uesw
670 0Z'0 9¢'0 (5500 8L (520061 (050001 (4oI) uelpsw
uoissaiboid NSP
0CZLFV6 vZLF V8 ¥'0ZF 10l ds ¥ uesw
1¥'0 €0 8¥°0 (G'11-02) €6 (o0L-01) 0% (0'8-50) 0'¢ (doI) ueipaw
9|eds g9-(Q "9109S NSIr
29F6¢ L'8FCY LZLFEY ds ¥ uesw
200 0zZ0 €60 (1'2-00) 80 (0v-00) 0L (0'¢-00) 8°0 (doI) ueipaw
co_wwwhmogn_ uoisou3g
G9FO¢ 96F1°G 0OELF6Y as ¥ uesw
100 1€0 160 (0¥-50) 5L (0s€o0) el (8'c-00) 0L (do1) uelpaw
9|eos (0g8Z-0 "9409S uoisouy
6SLF8L S8LF ¥ 0L 0LEF9CL as ¥ uesw
GL'0 610 ¥5°0 (¥'g-s0) 52 (2’150 0¢ (0°2-00 22 (4o1) ueipsw
uoissaiboid SHS
LLLF6CL €0ZFSEl ¥'2EF0GL ds ¥ uesw
G20 160 690 (5'51-0€) 02 (5'61-027) 59 sz L'y (do1) ueipaw
9|edS 870 "SHS IeIoL
100> 100 €20 L'9LF 12T 9LLFGLL CTLFTLL ds F uesw "aWi} 19A0 ¥YST
810 160 89°0 907F1LC 90F0¢ L0F0¢ as F uesw "swi J8A0 SYA
gyz=u 6LL=u L8=u
663 GS>0p<
SAGG>0VZ  GGZ SA Op> SA 0> 662 6G>0P2 ov>
anjea-d anjea-d anjea-d dnoug dnoug dnoug

uojjesiwopuel Jaye sieak | sawooaynQ :Z ajqel

126



JOINT SPACE NARROWING IN RA

SHS progression was similar in all groups (2.7 (0.0-7.0); 3.0 (0.5-11.7); 2.5 (0.5-8.4)). Erosion
progression scores were higher in group =40<55 compared to group =55 (1.0 (0.0-4.0) vs.
0.8 (0.0-2.1); p=0.02). JSN progression did not differ statistically significantly between the
age-groups: (mean * SD) 8.2+19.3 (median (IQR) 1.0 (0.0-5.0)) in group <40, 6.2+11.6 (1.9
(0.0-7.5)) in group 240<55 and 5.4+11.2 (1.8 (0.0-5.5)) in group =55. Scores at ten-year and
progression scores are shown in figure 1. While the median progression scores are higher in
the oldest groups, JSN progression scores are more skewed to the right (higher progression
scores) in the youngest group, as reflected by a higher mean and higher standard deviation
in that group.

A. JSN at baseline B. JSN at 10 year
140 140
120 120 -
100 100
2 4
S 80 80 =
»
(2 60 é 60 ;“
40 N 40 r
3
20 20 i 4
0+ B o+ - p——_ .
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Cumulative probability Cumulative probability
C. JSN progression
140+ G
+  Group <40
120 -
Group >40<55
2 1001 + Group >55
2 god .
g L
= 604 M
2 401 f
Z 201 4
= 0
204 O.f: :)1: 0.: b.“o.s 1.0
umulative probability
404

Figure 1 Probability plots JSN score at baseline (A), ten years (B) and progression (C) for the
different age-groups (Darkest dots: group <40, lightest dots group 240<55, intermediate dots:
group 255)

JSN: joint space narrowing.

Predictive factors for JSN progression

Univariate risk factors that were statistically significantly associated with JSN progression
in group <40 were JSN at baseline (RR (IQR)) (1.17 (1.01-1.35)), baseline SJC (1.11 (1.02-
1.21)), ACPA+ (3.79 (1.21-11.89)), RF+/ACPA+ (5.39 (1.25-23.15)) and average ESR over
time (1.04 (1.00-1.08)) (table 3) and initial combination therapy with infliximab was protective
against JSN progression compared to sequential monotherapy (0.20 (0.04-0.95)). In group
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240<55, erosions at baseline (1.06 (1.01-1.12)), RF+ (2.88 (1.40-5.96)), RF+/ACPA+ (3.41
(1.33-8.71)) and average ESR (1.02 (1.00-1.04)) were correlated with JSN progression.
Also, initial combination therapy with infliximab (0.49 (0.19-1.27)) compared to sequential
monotherapy tended to protect against JSN progression in group 240<55. In group =55,
smoking (2.00 (1.11-3.58)), RF+ (2.63 (1.31-5.28)), ACPA+ (3.39 (1.58-7.28)), RF+/ACPA+
(4.19 (1.58-11.07)) and average ESR (1.02 (1.01-1.03) were statistically significantly related
to JSN progression. Treatment strategies were not correlated with JSN progression in group

255.

Table 3: Univariate Poisson regression analysis per age-group

Group <40 Group 240<55 Group 255
RR 95% C.l. RR 95% C.. RR 95% C.l.
Baseline
smoking 0.83 (0.16-4.23) |1.18 (0.60-2.32) |2.00 (1.11-3.58)
BMI<25 Ref Ref Ref
BMI>25<30 0.91 (0.22-3.82) |0.58 (0.37-1.50) |1.12 (0.58-2.14)
BMI>30 0.28 (0.05-1.66) |0.74 (0.19-1.73) |1.19 (0.50-2.87)
Ritchie articular index 1.00 (0.94-1.06) |0.95 (0.89-1.01) |0.98 (0.93-1.03)
Swollen joint count 1.11 (1.02-1.21) |0.97 (0.93-1.01) |1.01 (0.98-1.05)
JSN 117 (1.01-1.35) [1.06 (0.99-1.14) |1.00 (0.94-1.07)
Erosions 1.13 (0.90-1.41) |1.06 (1.01-1.12) [1.02 (0.89-1.15)
RF-/ACPA- Ref Ref Ref
RF+/ACPA- 1.65 (0.28-9.82) |3.31 (0.93-11.75)| 1.47 (0.48-4.47)
RF-/ACPA+ 2.78 (0.48-16.15)|1.76 (0.54-5.79) |2.52 (0.84-7.54)
RF+/ACPA+ 5.39 (1.25-23.15)| 3.41 (1.33-8.71) |4.19 (1.58-11.07)
RF- Ref Ref Ref
RF+ 2.81 (0.90-8.77) |2.88 (1.40-5.96) | 2.63 (1.31-5.28)
ACPA- Ref Ref Ref
ACPA+ 3.79 (1.21-11.89)|2.02 (0.94-4.33) |3.39 (1.58-7.28)
Average ESR over time 1.04 (1.00-1.08) |1.02 (1.00-1.04) |1.02 (1.01-1.03)
Sequential monotherapy Ref Ref Ref
Step up to combination therapy 0.44 (0.07-2.79) {1.29 (0.56-3.02) |0.81 (0.34-1.93)
Initial combination therapy with prednisone 0.89 (0.20-3.93) |0.77 (0.36-1.64) | 0.93 (0.38-2.25)
Initial combination therapy with infliximab  0.20 (0.04-0.95) | 0.49 (0.19-1.27) | 0.84 (0.36-2.00)

BMI: body mass index, JSN: joint space narrowing, RF: rheumatoid factor, ACPA: Anti—citrullinated
protein antibodies, ESR: erythrocyte sedimentation rate; Erosions: erosion score (SHS); RR.: relative
risk, 95% C.1.: 98.33% (Bonferroni correction) confidence interval.

Risk factors with a p-value <0.067 were entered in the multivariate analysis per age-group

(table 4). In the multivariate Poisson regression, in group <40 baseline SJC (1.09 (1.01-1.18))
and average ESR (1.04 (1.02-1.06)) were independently associated with JSN progression. In
group 240<55 none of the risk factors were significantly correlated, but the influence of the
combined presence of RF and ACPA showed a trend (4.00 (0.88-18.10)). In group 255 ten-
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year average ESR (1.02 (1.00-1.03)) and the combined presence of RF and ACPA (3.27 (1.25-
8.53)) were significantly associated with JSN progression. If only baseline variables were
incorporated in the multivariate model, similar results were yielded, however the influence
of the combined presence of RF and ACPA in group 240<55 attained significance. (data not
shown).

Table 4: Multivariate Poisson regression analysis per age-group

Group <40 RR 95% C.I.
Baseline JSN 1.07 (0.95-1.22)
Swollen joint count 1.09 (1.01-1.18)
RF- /ACPA- Ref

RF+ /ACPA- 1.80 (0.29-11.25)
RF- /ACPA+ 3.14 (0.34-28.66)
RF+/ACPA+ 4.00 (0.88-18.08)
Time average ESR 1.04 (1.02-1.06)
Group 240<55 RR 95% C.I.
Baseline JSN 1.02 (0.95-1.10)
Baseline Erosions 1.04 (0.98-1.10)
Ritchie articular index 0.96 (0.89-1.03)
Swollen joint count 1.00 (0.95-1.10)
RF- /ACPA- Ref

RF+ /ACPA- 2.67 (0.76-9.39)
RF- /ACPA+ 1.28 (0.37-4.43)
RF+/ACPA+ 2.65 (0.95-7.38)
Time average ESR 1.01 (0.99-1.04)
Group 255 RR 95% C.I.
Smoking at baseline 1.46 (0.81-2.63)
RF- /ACPA- Ref

RF+ /ACPA- 1.33 (0.45-3.98)
RF- /ACPA+ 2.31 (0.75-7.10)
RF+/ACPA+ 3.27 (1.25-8.53)
Time average ESR 1.02 (1.00-1.03)

RF: rheumatoid factor; ACPA: anti-citrullinated protein antibodies; ESR: erythrocyte sedimentation rate;
JSN: joint space narrowing; RR: relative risk; 95% C.1.: 95% confidence interval after Bonferroni correction.

DISCUSSION

Radiographic damage progression, as potential cause of permanent disability, is an important
target for preventive therapy and one of the main determinants of successful treatment in
patients with rheumatoid arthritis. However, in some RA patients primary osteoarthritis (OA),
represented by joint space narrowing may contribute to radiographic joint damage progression.
Previous cross sectional studies '*'2'* have shown that older RA patients had higher damage
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scores than younger RA patients at baseline, partly explained by higher JSN %" In addition
radiographic OA is more often present in older patients and progression is more frequent and
more severe in older patients. Risk factors for OA progression differ from risk factors for RA
progression.®®

We hypothesized that older RA patients also show more JSN progression over time than
younger patients, because progression in JSN is caused by both RA and OA, and that
progression of JSN was associated with different risk factors in different age-groups.

To investigate our hypothesis, we compared the severity of JSN between the age-groups and
tried to identify age-group-specific risk factors in a cohort of patients with recent onset RA
(1987 criteria), who were treated to target DAS<2.4 over the course of 10 years, with three-
monthly DAS calculation and treatment adjustments, and radiographs of hands and feet taken
at baseline and yearly thereafter. JSN scores were derived from the Sharp/van der Heijde
score.

As expected, we found that RA patients of 255 years old showed JSN more often and more
severe JSN at baseline than younger patients. It was shown that while damage to the proximal
interphalangeal joints at baseline increases with age, damage to the metacarpophalangeal
joints does not. Older patients had higher ESR, higher SJC, higher DAS and a higher baseline
erosion score suggesting that in older patients there was more rheumatoid inflammation.
After 10 years, there were no statistically significant differences between the age-groups in
the amount of JSN progression, but JSN progression was more skewed to the right in the
youngest group, as reflected by a higher mean and higher standard deviation in that group.
Risk factors for JSN progression were only slightly different in the three age-groups. In patients
>55 years, presence of RF and ACPA and a high ESR as marker for systemic inflammation
over time were independent risk factors for JSN progression. Also in patients <40 years, high
inflammatory activity, represented by baseline SJC and ESR over time, was independently
associated with JSN progression, but presence of auto-antibodies was not. In the >40 <55
years age-group there were no independent predictors for JSN progression.

These results confirm previous reports that JSN is more prevalent and more severe in older
RA patients than in younger patients at baseline. However, contrary to our hypothesis, we did
not find more JSN progression in older patients. In fact, the most severe JSN progression was
observed in (a subgroup of) patients <40 years. Slow progression observed in (a subgroup of)
older patients may in part represent JSN due to primary osteoarthritis, which has been shown
to be slowly progressive and more prevalent in older patients.”#1°

This hypothesis is supported by the fact that, although ESR over time was higher in the oldest
group than in the other age-groups, as is observed in healthy individuals,®® DAS over time
was not, indicating that the swollen joint counts and Ritchie Articular Index results over time
were low.
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RA appears to have been well suppressed in the older patients, which is also suggested
by the finding that the mean erosion progression score was lower than in the other age-
groups. Primary osteoarthritis is supposed to be relatively rare in the <40 years age-group,
but over 10 years follow up may have progressively occurred, adding to the increased JSN
progression scores due to inflammation in those patients. However, in the younger patients
erosion progression scores were also higher, suggesting that from baseline, when they had
a higher SJC, over 10 years follow up, when they had similar DAS but lower ESR, RA may
have been insufficiently suppressed. That initial combination therapy in the older patients
is not associated with less JSN progression may suggest that JSN progression in older
patients is caused by osteoarthritis which is less susceptible to the treatment with TNF-
inhibitors.?" However, in older patients, combined presence of RF and ACPA was associated
with more damage progression. In general, these antibodies have been associated with a
more destructive disease course in RA. A previous analysis of the BeSt study 2> showed that
presence of ACPA did not affect the suppression of inflammation, but even in patients with
similar low disease activity was associated with more damage progression. Why this is not
found for younger patients in this study remains to be investigated, but might be explained by
the smaller sample size in the age-group <40.

Previous studies have looked at the possible contribution of primary osteoarthritis to JSN
scores in RA patients #2324 by multivariate linear analysis adjusted for age. This statistical
method assumes a linearity of the relationship between age and outcome that may not exist
in the oldest patients 2° and does not take into account the non-linear interaction between
some risk factors and age. By stratifying into different age-groups, we could assess non-
linear relations between age and risk-factors. The downside of our method is a loss of power
and the loss of differentiation between ages that belong in one age-group. The age limits per
group were set arbitrarily, in part based on the median age in the total group (55 years), the
need for sufficient numbers of patients per group and the presumption that significant primary
osteoarthritis is unlikely in patients under 40 years old. We were able to follow patients for
10 years, whereas previous studies had shorter follow up periods. During these 10 years
all patients received treatment targeted at a Disease Activity Score <2.4. This resulted, as
previous analyses 2 have shown, in similarly well controlled rheumatoid disease activity in all
patients in the four strategy arms from 1 year on.

It can be argued that to distinguish primary osteoarthritis from rheumatoid joint damage, one of
the specific scoring methods for osteoarthritis should have been used.' These however may
also include rheumatoid joint damage in the score, and it remains unclear which is the best
method to score osteoarthritis progression. Instead, we looked at joint space narrowing as
part of the Sharp/van der Heijde score (SHS), precisely to highlight that a method to measure
outcomes of RA treatment can be susceptible to overestimation of rheumatoid damage by
including osteoarthritis. Our hypothesis that JSN in older patients is caused by both RA and
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OA was supported by increasing JSN at baseline in the proximal interphalangeal joints but not
in the metacarpophalangeal joints. However, the potentially combined presence of rheumatoid
damage and osteoarthritic features suggest that risk factors identified in our analyses might
also be risk factors for both causes of JSN progression.

In conclusion, in different age-groups of patients with rheumatoid arthritis, joint space
narrowing scores and progression of joint space narrowing may be influenced by various
factors, one of which may be primary osteoarthritis in the older age-groups. This may affect
how radiographic scoring methods can be interpreted to represent treatment effects of anti-
rheumatic therapy in different age-groups. In all patients, inflammation should be optimally
suppressed to avoid progression of joint damage which may determine long term functional
ability. At baseline disease seems to be more severe in older persons, but after 10 years,
radiographic outcomes do not differ between age-groups, implicating that progression in the
younger patients might not be optimally suppressed. Finally, a possible association between
inflammation and progression of osteoarthritis should be further investigated by including
specific osteoarthritis scoring methods and by evaluation in other cohorts, as this knowledge
may open a door to preventive treatment.

132



REFERENCE LIST

10

1

12

van Zeben D, Hazes JM, Zwinderman AH, et
al. Factors predicting outcome of rheumatoid
arthritis: results of a followup study. J Rheumatol
1993;20:1288-96.

Karsdal MA, Woodworth T, Henriksen K, et al.
Biochemical markers of ongoing joint damage
in rheumatoid arthritis--current and  future
applications, limitations and opportunities. Arthritis
Res Ther 2011;13:215.

Schett G, Gravallese E. Bone erosion in
rheumatoid arthritis: mechanisms, diagnosis and
treatment. Nat Rev Rheumatol 2012;8:656-64.

van der Heijde D. How to read radiographs
according to the Sharp/van der Heijde method. J
Rheumatol 1999;26:743-5.

Welsing PM, Landewe RB, van Riel PL, et al.
The relationship between disease activity and
radiologic progression in patients with rheumatoid
arthritis: a longitudinal analysis. Arthritis Rheum
2004;50:2082-93.

Lawrence JS, Bremner JM, Bier F. Osteo-arthrosis.
Prevalence in the population and relationship
between symptoms and x-ray changes. Ann
Rheum Dis 1966;25:1-24.

Plato CC, Norris AH. Osteoarthritis of the hand:
longitudinal studies. Am J Epidemiol 1979;110:740-
6.

Busby J, Tobin J, Ettinger W, et al. A longitudinal
study of osteoarthritis of the hand: the effect of
age. Ann Hum Biol 1991;18:417-24.

Kwok WY, Plevier JW, Rosendaal FR, et al. Risk
factors for progression in hand osteoarthritis: a
systematic review. Arthritis Care Res (Hoboken)
2013;65:552-62.

Khanna D, Ranganath VK, Fitzgerald J, et al.
Increased radiographic damage scores at the
onset of seropositive rheumatoid arthritis in older
patients are associated with osteoarthritis of the
hands, but not with more rapid progression of
damage. Arthritis Rheum 2005;52:2284-92.

Mangnus L, van Steenbergen HW, Lindqvist
E, et al. Studies on ageing and the severity of
radiographic joint damage in rheumatoid arthritis.
Arthritis Res Ther 2015;17:222.

Innala L, Berglin E, Moller B, et al. Age at onset
determines severity and choice of treatment in
early rheumatoid arthritis: a prospective study.
Arthritis Res Ther 2014;16:R94.

20

21

22

23

24

JOINT SPACE NARROWING IN RA

van der Heijde DM, van Riel PL, van Leeuwen
MA, et al. Older versus younger onset rheumatoid
arthritis: results at onset and after 2 years of a
prospective followup study of early rheumatoid
arthritis. J Rheumatol 1991;18:1285-9.

Calvo-Alen J, Corrales A, Sanchez-Andrada S, et
al. Outcome of late-onset rheumatoid arthritis. Clin
Rheumatol 2005;24:485-9.

Arnett FC, Edworthy SM, Bloch DA, et al. The
American Rheumatism Association 1987 revised
criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988;31:315-24.

Goekoop-Ruiterman  YP, de Vries-Bouwstra
JK, Allaart CF, et al. Clinical and radiographic
outcomes of four different treatment strategies in
patients with early rheumatoid arthritis (the BeSt
study): A randomized, controlled trial. Arthritis
Rheum 2008;58:5126-S135.

Klarenbeek NB, Guler-Yuksel M, van der Kooij SM,
et al. The impact of four dynamic, goal-steered
treatment strategies on the 5-year outcomes of
rheumatoid arthritis patients in the BeSt study. Ann
Rheum Dis 2011;70:1039-46.

Siegert CE, Vleming LJ, Vandenbroucke JP, et al.
Measurement of disability in Dutch rheumatoid
arthritis patients. Clin Rheumatol 1984;3:305-9.

Salaffi F, Carotti M, Stancati A, et al. Radiographic
assessment of osteoarthritis: analysis of disease
progression. Aging Clin Exp Res 2003;15:391-
404.

Hayes GS, Stinson IN. Erythrocyte sedimentation
rate and age. Arch Ophthalmol 1976;94:939-40.

Chevalier X, Eymard F, Richette P. Biologic agents
in osteoarthritis: hopes and disappointments. Nat
Rev Rheumatol 2013;9:400-10.

van den Broek M, Dirven L, Klarenbeek NB, et al.
The association of treatment response and joint
damage with ACPA-status in recent-onset RA: a
subanalysis of the 8-year follow-up of the BeSt
study. Ann Rheum Dis 2012;71:245-8.

Saevarsdottir S, Rezaei H, Geborek P, et al.
Current smoking status is a strong predictor of
radiographic progression in early rheumatoid
arthritis: results from the SWEFOT trial. Ann
Rheum Dis 2015;74:1509-14.

Vesperini V, Lukas C, Fautrel B, et al. Association
of tobacco exposure and reduction of radiographic
progression in early rheumatoid arthritis: results

133



CHAPTER 7

25

26

134

from a French multicenter cohort. Arthritis Care
Res (Hoboken) 2013;65:1899-906.

Mangnus L, van Steenbergen HW, Lindqvist
E, et al. Studies on ageing and the severity of
radiographic joint damage in rheumatoid arthritis.
Arthritis Res Ther 2015;17:222.

Klarenbeek NB, Guler-Yuksel M, van der Kooij SM,
et al. The impact of four dynamic, goal-steered
treatment strategies on the 5-year outcomes of
rheumatoid arthritis patients in the BeSt study. Ann
Rheum Dis 2011;70:1039-46.



